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(57) ABSTRACT 

An ultrasonic surgical hand piece is caused to be driven With 
an output displacement that is correlated With the phase 
margin, Which is the difference of the resonant frequency 
and the anti-resonant frequency of the hand piece. A fre 
quency sWeep is conducted to ?nd the resonant frequency 
and the anti-resonant frequency for the hand piece. The 
resonant frequency is measured at a point during the fre 
quency sWeep Where the impedance of the hand piece is at 
its minimum. The anti-resonant frequency is measured at a 
point during the frequency sWeep Where the impedance of 
the hand piece is at its maximum. Using a target or speci?c 
output displacement, a drive current is calculated based on 
the phase margin Which is the difference betWeen the reso 
nant frequency and the anti-resonant frequency. The hand 
piece is caused to be driven With the output displacement, by 
accordingly controlling the current output from a generator 
console for driving the hand piece. 
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FIG. 2 
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FIG. 3a 
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FIG. 3b 
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FIG. 5 
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Fr (Hz) Fa (Hz) Phase margin (Hz) Displacement (HM) 

55499 55734 235 20.521 

55477 55717 240 20.292 

55480 55712 232 20.514 

55477 55714 237 20.356 

55482 55725 243 20.187 

55452 55697 245 19.775 

55452 55709 257 19.056 

55489 55742 253 18.717 

55465 55722 257 1 8.834 
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OUTPUT DISPLACEMENT CONTROL USING 
PHASE MARGIN IN AN ULTRASONIC SURGICAL 

HAND PIECE 

RELATED APPLICATIONS 

[0001] The present invention relates to, and claims priority 
of, US. Provisional Patent Application Serial No. 60/242, 
105 ?led on Oct. 20, 2000, having the same title as the 
present invention, Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention generally relates to ultra 
sonic surgical systems and more particularly, to controlling 
the output displacement of an ultrasonic surgical hand piece 
based on the “phase margin” Which is the difference betWeen 
the resonant frequency and the anti-resonant frequency. 

[0004] 2. Description of the Related Art 

[0005] It is knoWn that electric scalpels and lasers can be 
used as a surgical instrument to perform the dual function of 
simultaneously effecting the incision and hemostatis of soft 
tissue by cauteriZing tissues and blood vessels. HoWever, 
such instruments employ very high temperatures to achieve 
coagulation, causing vaporiZation and fumes as Well as 
splattering, Which increases the risk of spreading infectious 
diseases to operating room personnel. Additionally, the use 
of such instruments often results in relatively Wide Zones of 
thermal tissue damage. 

[0006] Cutting and cauteriZing of tissue by means of 
surgical blades vibrated at high speeds by ultrasonic drive 
mechanisms is also Well knoWn. One of the problems 
associated With such ultrasonic cutting instruments is uncon 
trolled or undamped vibrations and the heat as Well as 
material fatigue resulting therefrom. In an operating room 
environment attempts have been made to control this heating 
problem by the inclusion of cooling systems With heat 
exchangers to cool the blade. In one knoWn system, for 
example, the ultrasonic cutting and tissue fragmentation 
system requires a cooling system augmented With a Water 
circulating jacket and means for irrigation and aspiration of 
the cutting site. Another knoWn system requires the delivery 
of cryogenic ?uids to the cutting blade. 

[0007] It is knoWn to limit the current delivered to the 
transducer as a means for limiting the heat generated therein. 
HoWever, this could result in insuf?cient poWer to the blade 
at a time When it is needed for the most effective treatment 
of the patient. US. Pat. No. 5,026,387 to Thomas, Which is 
assigned to the assignee of the present application and is 
incorporated herein by reference, discloses a system for 
controlling the heat in an ultrasonic surgical cutting and 
hemostasis system Without the use of a coolant, by control 
ling the drive energy supplied to the blade. In the system 
according to this patent an ultrasonic generator is provided 
Which produces an electrical signal of a particular voltage, 
current and frequency, e.g. 55,500 cycles per second. The 
generator is connected by a cable to a hand piece Which 
contains pieZoceramic elements forming an ultrasonic trans 
ducer. In response to a sWitch on the hand piece or a foot 
sWitch connected to the generator by another cable, the 
generator signal is applied to the transducer, Which causes a 
longitudinal vibration of its elements. A structure connects 
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the transducer to a surgical blade, Which is thus vibrated at 
ultrasonic frequencies When the generator signal is applied 
to the transducer. The structure is designed to resonate at the 
selected frequency, thus amplifying the motion initiated by 
the transducer. 

[0008] The signal provided to the transducer is controlled 
so as to provide poWer on demand to the transducer in 
response to the continuous or periodic sensing of the loading 
condition (tissue contact or WithdraWal) of the blade. As a 
result, the device goes from a loW poWer, idle state to a 
selectable high poWer, cutting state automatically depending 
on Whether the scalpel is or is not in contact With tissue. A 
third, high poWer coagulation mode is manually selectable 
With automatic return to an idle poWer level When the blade 
is not in contact With tissue. Since the ultrasonic poWer is not 
continuously supplied to the blade, it generates less ambient 
heat, but imparts suf?cient energy to the tissue for incisions 
and cauteriZation When necessary. 

[0009] The control system in the Thomas patent is of the 
analog type. A phase lock loop that includes a voltage 
controlled oscillator, a frequency divider, a poWer sWitch, a 
match net and a phase detector, stabiliZes the frequency 
applied to the hand piece. A microprocessor controls the 
amount ofpoWer by sampling the frequency current and 
voltage applied to the hand piece, because these parameters 
change With load on the blade. 

[0010] The poWer versus load curve in a generator in a 
typical ultrasonic surgical system, such as that described in 
the Thomas patent has tWo segments. The ?rst segment has 
a positive slope of increasing poWer, as the load increases, 
Which indicates constant current delivery. The second seg 
ment has a negative slope of decreasing poWer as the load 
increases, Which indicates a constant or saturated output 
voltage. The regulated current for the ?rst segment is ?xed 
by the design of the electronic components and the second 
segment voltage is limited by the maximum output voltage 
of the design. This arrangement is in?exible since the poWer 
versus load characteristics of the output of such a system can 
not be optimiZed to various types of hand piece transducers 
and ultrasonic blades. The performance of traditional analog 
ultrasonic poWer systems for surgical instruments is affected 
by the component tolerances and their variability in the 
generator electronics due to changes in operating tempera 
ture. In particular, temperature changes can cause Wide 
variations in key system parameters such as frequency lock 
range, drive signal level, and other system performance 
measures. 

[0011] In order to operate an ultrasonic surgical system in 
an ef?cient manner, during startup the frequency of the 
signal supplied to the hand piece transducer is sWept over a 
range to locate the resonance frequency. Once it is found, the 
generator phase lock loop locks on to the resonance fre 
quency, keeps monitoring of the transducer current to volt 
age phase angle and maintains the transducer resonating by 
driving it at the resonance frequency. Akey function of such 
systems is to maintain the transducer resonating across load 
and temperature changes that vary the resonance frequency. 

[0012] The prior art ultrasonic generator systems have 
little ?exibility With regard to amplitude control, Which 
Would alloW the system to employ adaptive control algo 
rithms and decision making. For example, these ?xed sys 
tems lack the ability to make heuristic decisions With regards 
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to the output drive, e.g., current or frequency, based on the 
load on the blade and/or the current to voltage phase angle. 
It also limits the system’s ability to set optimal transducer 
drive signal levels for consistent efficient performance, 
Which Would increase the useful life of the transducer and 
ensure safe operating conditions for the blade. Further, the 
lack of control over amplitude and frequency control 
reduces the system’s ability to perform diagnostic tests on 
the transducer/blade system and to support troubleshooting 
in general. 

[0013] Moreover, using different handpieces With an ultra 
sonic surgical system could lead to performance problems. 
Different hand pieces of similar design have variations of 
output displacement Within a certain ragne of input current 
to the hand piece. Excessive or improper displacement can 
result in the discarding of hand pieces due to poor perfor 
mance or damaged blades. 

[0014] Further, over time, hand piece performance can 
vary due to aging, environmental eXposure, number of uses 
and the like. 

[0015] Therefore, there is a general need in the art for an 
improved system and method for controlling the output 
displacement in an ultrasonic surgical hand piece Which 
overcomes these and other disadvantages in the prior art. 

SUMMARY OF THE INVENTION 

[0016] The correlation of phase margin With output dis 
placement of an ultrasonic hand piece is used to set the 
output current for a speci?c hand pieces to achieve desired 
hand piece displacement. 

[0017] In an illustrative embodiment of the invention, a 
frequency sWeep is conducted to ?nd the resonant frequency 
and the anti-resonant frequency for the hand piece. The 
resonant frequency is measured at a point during the fre 
quency sWeep Where the impedance of the hand piece is at 
its minimum. The anti-resonant frequency is measured at a 
point during the frequency sWeep Where the impedance of 
the hand piece is at its maXimum. The phase margin, Which 
is the difference betWeen the resonant frequency and the 
anti-resonant frequency, is calculated. Using a target or 
speci?c output displacement, a drive current is calculated 
based on the phase margin Which is stored in the hand piece. 
The hand piece is caused to be driven so as to maintain this 
displacement by accordingly controlling the current output 
from the generator console for driving the hand piece. 

[0018] According to a further embodiment of the inven 
tion, the hand piece and the ultrasonic generator are caused 
to go through a calibration process for setting the drive 
current based on the correlation of the phase margin With the 
output displacement. During the calibration process, a fre 
quency sWeep is conducted to ?nd the resonant frequency 
and the anti-resonant frequency for the hand piece. The 
phase margin is then calculated. Using a target or speci?c 
output displacement, a drive current is calculated based on 
the phase margin Which is stored in the hand piece. During 
operation of the hand piece, the memory in the hand piece 
is accessed and a particular drive current for driving the hand 
piece is selected based on the correlation of the output 
displacement With the phase margin. The hand piece is 
caused to be driven With the output displacement, by accord 
ingly controlling the current output from the generator 
console for driving the hand piece. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The foregoing and other advantages and features of 
the invention Will become more apparent from the detailed 
description of the preferred embodiments of the invention 
given beloW With reference to the accompanying draWings 
(not necessarily draWn to scale) in Which: 

[0020] FIG. 1 is an illustration of a console for an ultra 
sonic surgical cutting and hemostasis system, as Well as a 
hand piece and foot sWitch in Which the method of the 
present invention is implemented; 

[0021] FIG. 2 is a schematic vieW of a cross section 
through the ultrasonic scalpel hand piece of the system of 
FIG. 1; 

[0022] FIG. 3A and FIG. 3B are block diagrams illus 
trating the ultrasonic console according to an embodiment of 
the invention; 

[0023] FIG. 4 is a How diagram generally illustrating the 
method according to the invention for determining the drive 
current of the ultrasonic surgical hand piece based on phase 
margin; 

[0024] FIG. 5 is an exemplary tabulation of the correla 
tion betWeen the phase margin and displacement for a 
particular output drive current of an ultrasonic surgical hand 
piece according to the invention; and 

[0025] FIG. 6 is a How diagram that illustrates an eXem 
plary calibration and operation of the ultrasonic surgical 
hand piece according to a further embodiment of the inven 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0026] FIG. 1 is an illustration of a system for implement 
ing surgical procedures according to the invention. By 
means of a ?rst set of Wires in cable 26, electrical energy, 
i.e., drive current, is sent from the console 10 to a hand piece 
30 Where it imparts ultrasonic longitudinal movement to a 
surgical device, such as a sharp scalpel blade 32. This blade 
can be used for simultaneous dissection and cauteriZation of 
tissue. The supply of ultrasonic current to the hand piece 30 
may be under the control of a sWitch 34 located on the hand 
piece, Which is connected to the generator in console 10 via 
Wires in cable 26. The generator may also be controlled by 
a foot sWitch 40, Which is connected to the console 10 by 
another cable 50. Thus, in use a surgeon may apply an 
ultrasonic electrical signal to the hand piece, causing the 
blade to vibrate longitudinally at an ultrasonic frequency, by 
operating the sWitch 34 on the hand piece With his ?nger, or 
by operating the foot sWitch 40 With his foot. 

[0027] The generator console 10 includes a liquid crystal 
display device 12, Which can be used for indicating the 
selected cutting poWer level in various means, such as, 
percentage of maXimum cutting poWer, or numerical poWer 
levels associated With cutting poWer. The liquid crystal 
display device 12 can also be utiliZed to display other 
parameters of the system. PoWer sWitch 11 is used to turn on 
the unit. PoWer up tests are performed. When poWer up tests 
and initialiZation are complete the “standby” light 13 is 
illuminated. If the unit is supplying maXimum poWer, the 
MAX light 15 is illuminated. If a poWer level less than 



US 2002/0165680 A1 

maximum is being delivered, the MIN light 17 is illumi 
nated. The level of power When MIN is active is set by 
button 16. 

[0028] When power is applied to the ultrasonic hand piece 
by operation of either sWitch 34 or 40, the assembly Will 
cause the surgical scalpel or blade to vibrate longitudinally 
at approximately 55.5 kHZ, and the amount of longitudinal 
movement Will vary proportionately With the amount of 
driving poWer (current) applied, as adjustably selected by 
the user. When relatively high cutting poWer is applied, the 
blade is designed to move longitudinally in the range of 
about 40 to 100 microns at the ultrasonic vibrational rate. 
Such ultrasonic vibration of the blade Will generate heat as 
the blade contacts tissue, i.e., the acceleration of the blade 
through the tissue converts the mechanical energy of the 
moving blade to thermal energy in a very narroW and 
localiZed area. This localiZed heat creates a narroW Zone of 

coagulation, Which Will reduce or eliminate bleeding in 
small vessels, such as those less than one millimeter in 
diameter. The cutting ef?ciency of the blade, as Well as the 
degree of hemostasis, Will vary With the level of driving 
poWer applied, the cutting rate of the surgeon, the nature of 
the tissue type and the vascularity of the tissue. 

[0029] As illustrated in more detail in FIG. 2, the ultra 
sonic hand piece 30 houses a pieZoelectric transducer 36 for 
converting electrical energy to mechanical energy that 
results in longitudinal vibrational motion of the ends of the 
transducer. The transducer 36 is in the form of a stack of 
ceramic pieZoelectric elements With a motion null point 
located at some point along the stack. The transducer stack 
is mounted betWeen tWo cylinders 31 and 33. In addition a 
cylinder 35 is attached to cylinder 33, Which in turn is 
mounted to the housing at another motion null point 37. A 
horn 38 is also attached to the null point on one side and to 
a blade coupler 39 on the other side. Blade 32 is ?xed to the 
coupler 39. As a result, the blade 32 Will vibrate in the 
longitudinal direction at an ultrasonic frequency rate With 
the transducer 36. The ends of the transducer achieve 
maximum motion With a portion of the stack constituting a 
motionless node When the transducer is driven With a current 
of about 380 mA RMS at the transducers’ resonant fre 
quency. HoWever, the current providing the maximum 
motion Will vary With each hand piece and is a valve stored 
in the non-volatile memory of the hand piece so the system 
can use it. 

[0030] The parts of the hand piece are designed such that 
the combination Will oscillate at the same resonant fre 
quency. In particular, the elements are tuned such that the 
resulting length of each such element is one-half Wave 
length. Longitudinal back and forth motion is ampli?ed as 
the diameter closer to the blade 32 of the acoustical mount 
ing horn 38 decreases. Thus, the horn 38 as Well as the blade 
coupler 39 are shaped and dimensioned so as to amplify 
blade motion and provide harmonic vibration in resonance 
With the rest of the acoustic system, Which produces the 
maximum back and forth motion of the end of the acoustical 
mounting horn 38 close to the blade 32. A motion at the 
transducer stack is ampli?ed by the horn 38 into a movement 
of about 20 to 25 microns. A motion at the coupler 39 is 
ampli?ed by the blade 32 into blade movement of about 40 
to 100 microns. 

[0031] The system Which creates the ultrasonic electrical 
signal for driving the transducer in the hand piece is illus 
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trated in FIG. 3A and FIG. 3B. This drive system is ?exible 
and can create a drive signal at a desired frequency and 
poWer level setting. A DSP 60 or microprocessor in the 
system is used for monitoring the appropriate poWer param 
eters and vibratory frequency as Well as causing the appro 
priate poWer level to be provided in either the cutting or 
coagulation operating modes. The DSP 60 or microproces 
sor also stores computer programs Which are used to per 
form diagnostic tests on components of the system, such as 
the transducer/blade. 

[0032] For example, under the control of a program stored 
in the DSP or microprocessor, the frequency during startup 
can be set to a particular value, e.g., 50 kHZ. It can than be 
caused to sWeep up at a particular rate until a change in 
impedance, indicating the approach to resonance, is 
detected. Then the sWeep rate can be reduced so that the 
system does not overshoot the resonance frequency, e.g., 55 
kHZ. The sWeep rate can be achieved by having the fre 
quency change in increments, e. g., 50 cycles. If a sloWer rate 
is desired, the program can decrease the increment, e.g., to 
25 cycles Which can be based adaptively on the measured 
transducer impedance magnitude and phase. Of course, a 
faster rate can be achieved by increasing the siZe of the 
increment. Further, the rate of sWeep can be changed by 
changing the rate at Which the frequency increment is 
updated. 
[0033] If it is knoWn that there is a undesired resonant 
mode, e.g., at say 51 kHZ, the program can cause the 
frequency to sWeep doWn, e.g., from 60 kHZ, to ?nd 
resonance. Also, the system can sWeep up from 50 kHZ and 
hop over 51 kHZ Where the undesired resonance is located. 
In any event, the system has a great degree of ?exibility. 

[0034] In operation, the user sets a particular poWer level 
to be used With the surgical instrument. This is done With 
poWer level selection sWitch 16 on the front panel of the 
console. The sWitch generates signals 150 that are applied to 
the DSP 60. The DSP 60 then displays the selected poWer 
level by sending a signal on line 152 (FIG. 3B) to the 
console front panel display 12. 

[0035] To actually cause the surgical blade to vibrate, the 
user activates the foot sWitch 40 or the hand piece sWitch 34. 
This activation puts a signal on line 85 in FIG. 3B. This 
signal is effective to cause poWer to be delivered from 
push-pull ampli?er 78 to the transducer 36. When the DSP 
or microprocessor 60 has achieved lock on the hand piece 
transducer resonance frequency and poWer has been suc 
cessfully applied to the hand piece transducer, an audio drive 
signal is put on line 156. This causes an audio indication in 
the system to sound, Which communicates to the user that 
poWer is being delivered to the hand piece and that the 
scalpel is active and operational. 

[0036] As described herein With respect to FIG. 2, FIG. 
3A and FIG. 3B and in the related U.S. application Ser. No. 
09/693,621 and incorporated herein by reference, the parts 
of the hand piece 30 in operational mode are designed, as a 
Whole, to oscillate at generally the same resonant frequency, 
Where the elements of the hand piece 30 are tuned so that the 
resulting length of each such element is one-half Wavelength 
or a multiple thereof. Microprocessor or DSP 60, using a 
phase correction algorithm, controls the frequency at Which 
the parts of the hand piece 30 oscillate. Upon activation of 
the hand piece 30, the oscillating frequency is set at a startup 
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value or nominal resonant frequency such as 50 kHZ Which 
is stored in memory. A sWeep of a frequency range betWeen 
a start sWeep point and a stop sWeep point is effected under 
the control of the DSP 60 until the detection of a change in 
impedance Which indicates the approach to the resonant 
frequency. The change in impedance refers to the impedance 
of the hand piece and any attached blade, Which maybe 
modeled by a parallel equivalent circuit for mathematically 
modeling the algorithm for controlling the operation of the 
hand piece 30 as described in the related US. application 
Ser. No. 09/693,621. The resonant frequency is the fre 
quency at a point during the frequency sWeep Where the 
impedance of the equivalent circuit is at its minimum and the 
anti-resonant frequency is the frequency Where the imped 
ance is maXimum. Phase margin is the difference betWeen 
the resonant frequency and an anti-resonant frequency. A 
correlation betWeen the phase margin and the output dis 
placement of the hand piece 30 exists Which can advanta 
geously be used to control the displacement so that the hand 
piece 30 operates at its optimal performance level. 

[0037] In order to obtain the impedance measurements and 
phase measurements, the DSP 60 and the other circuit 
elements of FIGS. 3A and 3B are used. In particular, 
push-pull ampli?er 78 delivers the ultrasonic signal to a 
poWer transformer 86, Which in turn delivers the signal over 
a line 85 in cable 26 to the pieZoelectric transducers 36 in the 
hand piece. The current in line 85 and the voltage on that line 
are detected by current sense circuit 88 and voltage sense 
circuit 92. The voltage and current sense signals are sent to 
average voltage circuit 122 and average current circuit 120, 
respectively, Which take the average values of these signals. 
The average voltage is converted by analog-to-digital con 
verter (ADC) 126 into a digital code that is input to DSP 60. 
Likewise, the current average signal is converted by analog 
to-digital converter (ADC) 124 into a digital code that is 
input to DSP 60. In the DSP the ratio of voltage to current 
is calculated on an ongoing basis to give the present imped 
ance values as the frequency is changed. A signi?cant 
change in impedance occurs as resonance is approached. 

[0038] The signals from current sense 88 and voltage 
sense 92 are also applied to respective Zero crossing detec 
tors 100, 102. These produce a pulse Whenever the respec 
tive signals cross Zero. The pulse from detector 100 is 
applied to phase detection logic 104, Which can include a 
counter that is started by that signal. The pulse from detector 
102 is likeWise applied to logic circuit 104 and can be used 
to stop the counter. As a result, the count Which is reached 
by the counter is a digital code on line 140, Which represents 
the difference in phase betWeen the current and voltage. The 
siZe of this phase difference is also an indication of hoW 
close the system is operating to the resonant frequency. 
These signals can be used as part of a phase lock loop that 
cause the generator frequency to lock onto resonance, e.g., 
by comparing the phase delta to a phase set point in the DSP 
in order to generate a frequency signal to a direct digital 
synthesis (DDS) circuit 128 that drives the push-pull ampli 
?er 78. 

[0039] Further, the impedance and phase values can be 
used as indicated above in a diagnosis phase of operation to 
detect if the blade is loose. In such a case the DSP does not 
seek to establish phase lock at resonance, but rather drives 
the hand piece at particular frequencies and measures the 
impedance and phase to determine if the blade is tight. 
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[0040] FIG. 4 is a How diagram that generally illustrates 
the method according to the invention for determining the 
drive current of the ultrasonic surgical hand piece based on 
phase margin. A frequency sWeep is conducted in the hand 
piece 30 to ?nd the resonant frequency and the anti-resonant 
frequency for the hand piece 30 (step 403). The resonant 
frequency is measured at a point during the frequency sWeep 
Where the impedance of the hand piece 30 is at its minimum 
(step 405). The anti-resonant frequency is measured at a 
point during the frequency sWeep Where the impedance of 
the hand piece 30 is at its maXimum (step 407). In step 409, 
the phase margin is calculated Which is the difference 
betWeen the resonant frequency and the anti-resonant fre 
quency. Using a target or speci?c output displacement, a 
drive current is calculated based on the phase margin (step 
411). In step 413, the drive current is stored in the hand piece 
30. The hand piece 30 is driven to maintain the output 
displacement, by accordingly controlling the current output 
from console 10. The method of FIG. 4 may also be 
performed With a knoWn blade attached. 

[0041] An embodiment of the method according to the 
invention canbe implemented While the hand piece is being 
manufactured at the factory. The phase margin for a neWly 
build hand piece is measured using an impedance analyZer 
(such as an HP 4192A commercially available from HeWlett 
PackardTM). The impedance analyZer is programmed to ?nd 
the resonant and anti-resonant frequencies for calculation of 
the phase margin. This data is transferred to a personal 
computer (PC) connected thereWith Which uses the phase 
margin to calculate a drive current for driving the hand piece 
Which produces the desired displacement on the hand piece 
(e.g., 22 microns). The hand piece contains a memory, e.g., 
an EEPROM. The hand piece is connected to the PC’s serial 
port through an interface Which mates With the hand piece 
connector. The PC doWnloads the value of the drive current 
computed based on the phase margin calculation to a speci 
?ed memory location in the EEPROM. During operation, 
the generator console uses this drive current value to control 
the generator current output to the hand piece. 

[0042] FIG. 5 is an exemplary tabulation of the correla 
tion betWeen the phase margin and displacement for a 
particular output drive current of an ultrasonic surgical hand 
piece according to the invention. The data in the tabulation 
can be stored in memory (in either test equipment for the 
hand piece at a factory during manufacture, or a generator 
console for the hand piece in the ?eld). It includes data for 
the resonant frequency (the ?rst column F), the anti-reso 
nant frequency (the second column Fa), the phase margin 
Which is the difference of the resonant frequency and the 
anti-resonant frequency (the third column), and the output 
displacement of the hand piece 30 in microns for a speci?c 
drive current (the fourth column). During actual operation, 
the tabulation stored in memory is accessed and console 10 
drives the hand piece 30 With a calculated drive current to 
achieved desired displacement as Will be described beloW. 

[0043] In a speci?c embodiment according to the inven 
tion, the correlation of the phase margin and the output 
displacement for driving the hand piece 30 is empirically 
found to be: 

Displacement=38.156—0.0751><Phase Margin (Eq. 1) 

[0044] This particular correlation can also be stored in 
memory in console 10. The resonant frequency and the 
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anti-resonant frequency are measured. Console 10 drives the 
hand piece With the output displacement correlated With the 
phase margin measured for that particular hand piece based 
on the calculation according to the correlation in Eq. 1. 

[0045] Equivalently to Equation 1, the terms can be rear 
ranged to calculate hoW much current is needed to drive a 
particular hand piece to a desired displacement. Given that 
a transducer running in tune at the resonance point, current 
is proportional to displacement, e.g. 

mo (Eq.2) 

[0046] then the relationship betWeen a measured displace 
ment and a desired displacement is: 

D measured I measured (Eq. 3) 
D desired _ Idesired 

therefore so 

D desired I measured (Eq. 5) 
I desired : 

D measured 

[0047] Thus, if it is convenient to store the desired current 
needed to drive a particular hand piece to a desired displace 
ment, Equations 1 and 5 can be used to solve for an I desired 
value for a given hand piece. 

[0048] According to a further embodiment of the inven 
tion, the hand piece 30 and console 10 are caused to go 
through a calibration process for correlating the phase 
margin With the output displacement. The calibration pro 
cess is particularly useful for hand piece calibration after the 
hand piece has been in use in the ?eld for a period of time 
Which may result in a drift or doWngrade of hand piece 
performance. FIG. 6 is a How diagram illustrating an 
exemplary calibration and operation of the ultrasonic surgi 
cal hand piece according to the invention. A calibration 
process is implemented. In particular, a frequency sWeep is 
conducted to ?nd the resonant frequency and the anti 
resonant frequency for the hand piece 30 (step 603). The 
resonant frequency is measured at a point during the fre 
quency sWeep Where the impedance of the hand piece 30 is 
at its minimum (step 605). The anti-resonant frequency is 
measured at a point during the frequency sWeep Where the 
impedance of the hand piece 30 is at its maXimum (step 
607). In step 609, the phase margin is calculated, Which is 
the difference betWeen the resonant frequency and the 
anti-resonant frequency. The drive current is calculated 
based on the phase margin (step 611). In step 613, the drive 
current stored in memory in the hand piece 30 (such as in an 
EEPROM in the hand piece 30). 

[0049] During normal operation of the hand piece 30, the 
memory is accessed (step 625), and a particular drive current 
for driving the hand piece 30 is selected based on the 
correlation of the phase margin With the output displace 
ment. In step 629, the hand piece 30 is caused to be driven 
With the drive current signal, by accordingly controlling the 
current output from console 10 for driving the hand piece 30. 

[0050] It is contemplated that other correlations betWeen 
displacement and hand piece model parameters can be used 
to control displacement. Phase-margin using the parallel 
transducer model includes Co, Cs, Rs, and Ls. Correlations 
betWeen any model parameter and displacement may be 
used for control. 
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[0051] Although the invention has been particularly 
shoWn and described in detail With reference to the preferred 
embodiments thereof, the embodiments are not intended to 
be exhaustive or to limit the invention to the precise forms 
disclosed herein. It Will be understood by those skilled in the 
art that many modi?cations in form and detail may be made 
Without departing from the spirit and scope of the invention. 
Similarly, any process steps described herein may be inter 
changeable With other steps to achieve substantially the 
same result. All such modi?cations are intended to be 
encompassed Within the scope of the invention, Which is 
de?ned by the folloWing claims and their equivalents. 

We claim: 
1. A method for operating an ultrasonic surgical hand 

piece comprising the steps of: 

measuring a resonant frequency of the hand piece; 

measuring an anti-resonant frequency of the hand piece; 

calculating a phase margin Which is the difference of the 
resonant frequency and the anti-resonant frequency; 

correlating the phase margin With an output displacement; 

calculating a drive current based on the correlation of the 
phase margin With the output displacement; and 

driving the hand piece With the drive current. 
2. The method of claim 1 further comprising the step of 

conducting a frequency sWeep for measuring the resonant 
frequency and the anti-resonant frequency. 

3. The method of claim 1 Wherein the phase margin and 
the output displacement are correlated according to an 
equation stored in a generator console for the hand piece. 

4. The method of claim 1 Wherein the phase margin and 
the output displacement are correlated according to an 
equation stored in a test equipment for the hand piece during 
manufacture. 

5. The method of claim 1 Wherein the correlating step is 
implemented by accessing a memory With tabulated data on 
the phase margin and the drive current. 

6. The method of claim 5 Wherein the tabulated data are 
stored in a test equipment for the hand piece during manu 
facture. 

7. The method of claim 5 Wherein the tabulated data are 
stored in a generator console for the hand piece. 

8. The method of claim 1 further comprising a calibration 
step, the calibration step comprises the sub-steps of: 

(a) measuring a resonant frequency for calibration; 

(b) measuring an anti-resonant frequency for calibration; 

(c) calculating a phase margin for calibration Which is the 
difference of the resonant frequency for calibration and 
the anti-resonant frequency for calibration; and 

(d) correlating the phase margin for calibration With an 
output displacement for calibration. 

9. The method of claim 8 Wherein the substeps (a), (b), (c) 
and (d) are implemented by a generator console for the hand 
piece. 

10. The method of claim 8 Wherein the output displace 
ment is generally equal to 38.156 minus 0.0751 multiplied 
by the phase margin. 

11. The method of claim 1 further comprising the step of 
storing the drive current in the hand piece. 
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12. A system for operating an ultrasonic surgical hand 
piece comprising: 

means for measuring a resonant frequency of the hand 
piece; 

means for measuring an anti-resonant frequency of the 
hand piece; 

means for calculating a phase margin Which is the differ 
ence of the resonant frequency and the anti-resonant 
frequency; 

means for correlating the phase margin With an output 
displacement; 

means for calculating a drive current based on the corre 
lation of the phase margin With the output displace 
ment; and 

means for driving the hand piece With the drive current. 
13. The system of claim 12 further comprising means for 

conducting a frequency sWeep for measuring the resonant 
frequency and the anti-resonant frequency. 

14. The system of claim 12 further comprising a generator 
console for the hand piece Wherein the phase margin and the 
output displacement are correlated according to an equation 
stored in the generator console. 

15. The system of claim 12 Wherein the phase margin and 
the output displacement are correlated according to an 
equation stored in a test equipment for the hand piece during 
manufacture. 
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16. The system of claim 12 Wherein the correlating is 
implemented by accessing a memory With tabulated data on 
the phase margin and the drive current. 

17. The system of claim 16 Wherein the tabulated data are 
stored in a test equipment for the hand piece during manu 
facture. 

18. The system of claim 16 Wherein the tabulated data are 
stored in a generator console for the hand piece. 

19. The system of claim 12 Wherein the output displace 
ment is generally equal to 38.156 minus 0.0751 multiplied 
by the phase margin. 

20. A method for operating an ultrasonic surgical hand 
piece With a transducer, the method comprising the steps of: 

running the transducer at resonance; 

measuring a drive current of the hand piece; 

measuring an output displacement of the hand piece; 

inputting a desired output displacement; 

calculating a desired drive current Which generally equals 
to the desired output displacement multiplied by the 
measured drive current divided by the measured output 
displacement; and 

driving the hand piece With the desired drive current. 


